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Abstract. Results of a 1997 September 9-10 Bep- 
poSAX observation of the 5.57 hr low-mass X-ray binary 
(LMXRB) X 1822-371 are presented. The 0.3-40 keV spec- 
trum is unusually complex and cannot be fit by any of the 
standard models applied to other LMXRB. At least two 
components are required. One component has a shape con- 
sistent with that expected from the Comptonization of an 
input soft (Wien) spectrum while the other, contributing 
k;40% of the 1-10 keV flux, is consistent with being a 
blackbody. In addition, there is a "dip" in the spectrum 
which can be modeled by a 1.33±Q-]'f keV absorption edge 
with an optical depth, t, of 0.28 ± 0.06. If the same model 
is fit to ASCA Solid-State Imaging Spectrometer spectra 
obtained in 1993 and 1996, then reasonable fits are also 
obtained, with a similar absorption feature required. The 
nature of this feature is highly uncertain; its energy corre- 
sponds to the K-edges of highly ionized Ne x and neutral 
Mg, or to an L-edge of moderately ionized Fe. Surpris- 
ingly, no strong (r > 0.05) Fe-K or (r > 0.18) 0-K edges 
are visible. The folded lightcurve of X 1822-371 is similar 
to previous observations, except that no strong softening 
is seen near the eclipse. An updated orbital ephemeris is 
provided. 

Key words: accretion, accretion disks - Stars: individual: 
X 1822-371 - Stars: neutron - X-rays: stars 



1. Introduction 

The 5.57 hr low-mass X-ray binary (LMXRB) X 1822-371 
is viewed almost edge on with the central X-ray source hid- 
den by material in the orbital plane. The X-ray lightcurve 
shows a partial eclipse and a smooth broad modulation 
with a minimum just prior to the eclipse (White et al. 



1981 ) . The partial nature of the eclipse indicates that the 



X-ray emitting region is extended, and that the observed 



X-rays are scattered in an accretion disk corona, or ADC 



(White & Holt 1982). The optical lightcurve has a similar 



morp hology except that the eclipse is broader. White & 
Holt (1982) showed that the broad X-ray modulation can 
be modeled as obscuration of the ADC by the rim of the 
accretion disk whose thickness is greatest near phase, $, 
0.8 (where $ = 0.0 is mid-eclipse), and least near $ ~ 0.2. 
Modeling of multi- wavelength lightcurves reveals that the 
effective diameter of the ADC is 3 x 10^° cm, about half 
that of the optically emitting disk, and that structure in 
the disk c an reach a height of 1. 5 x 10^" cm (Wh ite fc 
Hoh |1982| ; Mason & Cordova |l98|; Hellier & Mason |1989 ; 
Puchnarewicz et al. 1995) 



No pulsations or bursts have 
been detected from X 1822-371 (e.g., Hehier et al. |1992D . 
The probable distance to X 1822-371 is 2-3 kpc and the 
isotropic luminosity 10'^^(d2)^ erg s~^ (Mason & Cordova 



1982), where d2 is distance in units of 2 kpc. The mean 



X 1822-371 Lx/Lopt ratio of 20 compared to the average for 
LMXRB of 500 (van Paradijs & McChntock |1995l ) imphes 
a unobscured luminosity of 2 x 10'^^(d2)'^ erg s~^, similar 
to that observed from the brighter X-ray burst sources. 

The X-ray spectrum of X 1822-371 is complex with dif- 
ferent results being obtained from different measurements. 
The 2-40 keV HEAO-1 A2 spectrum can be fit by a power- 
law with a photon index, a, of 1.3, a high-energy cutoff at 
18 keV, and a broad Fe-K line with a full- width half maxi- 
mum (FWHM) of 4 keV. Below 2 keV there is evidence for 
an excess in the Einstein Solid State Spectrometer spec- 



trum which White et al. (1981) can model as a 0.25 keV 
thermal bremsstrahlung, a 0.16 keV blackbody or a 350 eV 
equivalent width (EW) emission feature at 0.8 keV. The 
combined 0.04-20 keV EXOSAT Channel Muhiplier Ar- 
ray and Medium Energy Detector Array spectrum is fit by 
a power-law with a = 0.8 together with a blackbody with 
kT = 1.8 keV and a -1 keV FWHM Fe-K hne (Helher & 
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Mason |98g). Subsequently, Hellier et al. ( |1992[ ) obtained 
a Ginga 1.5-30 keV spectrum, but were unable to find a 
satisfactory fit, although the model used for the EXOSAT 
spectrum gives the best result. 
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BeppoSAX observation of X 1822-371 



White et al. (1997) report on an ASCA observation of 
X 1822-371. The best-fit Sohd-State Imaging Spectrome- 
ter (SIS) and Gas Imaging Spectrometer (GIS) 0.5-10 keV 
spectrum is also complex and cannot be easily fit by any of 



the standard models. White et al. (1997) characterize the 
spectrum using a power-law continuum with a ~ 0.52. 
Structured residuals remain with a pronounced dip at 
~1.5 keV and a strong decrease ^7 keV. There are no 
emission features present other than two weak features at 
6.4 keV and 7.1 keV, consistent with Fe Ka and K/3 lines. 
The E W of the Ka line is ^^40 eV. However, as White 
et al. (|1997D note, the observed K/3/Ka ratio of -40% 
does n ot match the theoretical value of 13%. White et al. 
( |l997|) attempt to model the reduction in observed fiux 
<;7 keV by an Fe-K absorption edge, but find that edges 
from a range of ionization states are necessary to explain 
the observed shape. 



As White et al. ( 1997 ) point out, accurately measuring 
the continuum k;10 keV is vital in order to constrain the 
Fe-K absorption feature seen in the ASCA spectrum. In- 
deed, these authors used non-simultaneous EXOSAT and 
Ginga data to try to do this, but were unsuccessful. We 
report here on a BeppoSAX observation of X 1822-371 
where the 0.3-40 keV spectrum was observed simultane- 
ously with good sensitivity. We compare the results of the 
BeppoSAX spectral fits with those obtained by White et 
al. ( |1997D and those obtained from a subsequent ASCA 
observation. 



2. Observations 

Results from the Low-Energy Conce ntrato r Spectrometer 
(LEGS; 0.1-10 keV; Parmar et 



al. 



1997D , the Medium- 
Energy Conc entrat or Spectrometer (MEGS; 1.8-10 keV; 
Boella et al. 1997), the High Pressure Gas Scintillation 
Proportional Counter (HPGSPC; 5-120 keV; Manzo et 
al. |1997|) and the Phoswich Detection System (PDS; 15- 



300 keV; Frontera et al. |1997| ) on-board BeppoSAX are 
presented. All these instruments are coaligned and col- 
lectively referred to as the Narrow Field Instruments, or 
NFL The MEGS consists of two grazing incidence tele- 
scopes with imaging gas scintillation proportional coun- 
ters in their focal planes. The LEGS uses an identical 
concentrator system as the MEGS, but utilizes an ultra- 
thin entrance window and a driftless configuration to ex- 
tend the low-energy response to 0.1 keV. The non-imaging 
HPGSPC consists of a single unit with a collimator that 
was alternatively rocked on- and 180' off-source every 96 s 
during the observation. The non-imaging PDS consists 
of four independent units arranged in pairs each having 
a separate collimator. Each collimator was alternatively 
rocked on- and 210' off-source every 96 s during the ob- 
servation. 

The region of sky containing X 1822-371 was observed 
by BeppoSAX on 1997 September 09 12:24 UT to Septem- 
ber 10 11:47 UT. Good data were selected in the standard 



way using the SAXDAS 2.0.0 data analysis package. LEGS 
and MEGS data were extracted centered on the (on-axis) 
position of X 1822-371 using radii of 8' and 4', respectively. 
The exposures in the LEGS, MEGS, HPGSPC, and PDS 
instruments are 14.8 ks, 37.0 ks, 19.5 ks, and 18.7 ks, re- 
spectively. Background subtraction for the imaging instru- 
ments was performed using standard files, but is not crit- 
ical for such a bright source. Background subtraction for 
the HPGSPC was carried out using data obtained when 
the instrument was looking at the dark Earth and for the 
PDS using data obtained during intervals when the colli- 
mator was offset from the source. 

The BeppoSAX data is compared with results from the 
Solid State Imaging Spectrometers SISO and SISl (0.6- 
10 keV), on-board ASCA (Tanaka et al. |l994D . The en- 
ergy resolution of the SIS is a factor of a few better, ex- 
cept at the lowest energies, than that of the LEGS and 
MEGS. ASCA observed X 1822-371 twice. The first ob- 
servation took place between 1993 October 07 03:33 and 
23:55 UTG and the second between 1996 September 26 
05:44 and September 27 08:05 UTG. The SIS exposures 
for each observation are 36.6 ks and 26.0 ks both using 
1-CCD BRIGHT mode. All data were screened and pro- 
cessed using the standard Rev2 pipeline. The source count 
rates of ^6.5 SIS~^ means that pulse pile-up is un- 
likely to be significant. 

3. Analysis and results 

3.1. BeppoSAX lightcurve 

Background subtracted lightcurves in the energy ranges 
1.8-4 keV (MEGS), 4-10 keV (MEGS), 10-16 keV 
(HPGSPC) and 16-32 keV (PDS) were extracted and 
f olded using the linear ephemeris of Hellier & Smale 
( |1994|) . Fig. shows these lightcurves together with two 
hardness ratios (4-10 keV counts divided by 1.8-4 keV 
counts and 16-32 keV counts divided by 10-16 keV 
counts). The lightcurves are similar to those reported pre- 
viously, showing gradual reductions in flux which reach 
minima around $ ~ 0.8, before the partial eclipse and 
rapid increases following egress. Just prior to the partial 
eclipse each lightcurve shows a narrow increases in flux. 
The depth of the partial eclipse increases with increasing 
energy. There are no strong variations in hardness ratio. 
However, the 4-8 keV/1.8-4 keV hardness ratio (HRl) 
shows a broad variation with a maximum around $ ~ 0.4, 
as well as a narrow increase just prior to eclipse. Instead, 
the 16-32 keV/8-16 keV hardness ratio (HR2) does not 
vary appreciably with phase, except between $ = 0.7- 
1.1 where a harder interval, punctuated by the eclipse, 
is present. HRl is similar in shape to the 6-30 keV/1- 
6 keV hardness ratio obtained from Ginga observations 



(see Fig. 1 of Hellier et al. 1992), except that no strong 



softening is visible in the BeppoSAX data during the 
eclipse. This is in contrast to previous results, where the 
eclipse depths measured by EXOSAT and Ginga both 
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BeppoSAX MECS, HPGSPC, and PDS X 1822-371 P = 5.5706 hr 
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Fig. 1. The X 1822-371 folded lightcurves and hardness ratios. The energy ranges are indicated. The upper two left 
panels have 100 phase bins, the others 50. HRl and HR2 are the 4-8 keV/1.8-4 keV and 16-32 keV/10-16 keV 
hardness ratios, respectively. The ordinate extrema of each lightcurve are normalized to the mean count rate for ease 
of comparison 



showed a similar strong dependence on energy (Hellicr et 
al. 1992). The lack of any large change in the BeppoSAX 



hardness ratios justifies the use of the entire data set in 
the spectral analysis in Sect. |3. 

3.2. Eclipse timing 

Eclipse arrival times using recent BeppoSAX MECS, 
ASCA and RXTE Proportional Counter Array data have 
been determined. Since there are substantial gaps in the 
data and the count rates low, the BeppoSAX and ASCA 
lightcurves were first folded on the 5.5706 hr period of Hel- 



lier & Smale (1994). A model consisting of a Gaussian and 
a constant was then fit to the eclipse phases ($ = 0.95- 
1.05) of the folded lightcurves. The arrival time of the 
eclipse was then assigned to the eclipse which occurred 
closest to mid-time of the observation. For the MECS the 
uncertainty on the arrival time was obtained directly from 
the fit. Data from the 4 ASCA instruments were analyzed 
independently and the uncertainties in the arrival times 
were derived from the spreads in the obtained values, while 
the arrival times were defined as the averages from the 4 
instruments. The RXTE observation was made between 



1996 September 26 16:03 and September 27 07:19 UTC. 
Since only one eclipse was observed, the Gaussian and a 
constant model was fit directly to the eclipse interval in 
the lightcurve. The uncertainty in the RXTE arrival time 
was estimated by comparing results obtained using (1) a 
range of eclipse phases around those given above using the 
Gaussian and constant model and (2) including a linear 
term in the above model and fitting over the same range 
of phases. The spread in values obtained using these two 
methods was larger than the uncertainties obtained from 
the individual fits, and so was adopted as an estimate of 
the overall uncertainty. The fit results, which extend the 
measurements in Hellier & Smale ( 1994[) by some 5 yrs, or 
8000 cycles, are summarized in Table 11 

The newly determined arrival times together with the 
measurements tabulated in Hellier & Smale ( |1994[ ) were 
fit to obtain an updated ephemeris. Both linear (x^ — 
98.5 for 17 dof) and quadratic ephemerides (x^ = 21.4 
for 16 dof) were used. The difference in reduced 
dicates that the quadratic term in the ephemeris is es- 
tablished with 99.9999% confidence. Fig. || shows the 
residuals with respect to both ephemerides. The updated 
quadratic ephemeris is given by: 
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Table 2. Best-fit to the BeppoSAX NFI spectrum. The 
model consists of absorbed blackbody and COMPTT con- 
tinuum, a Gaussian emission Hne, and an absorption edge 

Parameter 



Nh (atom cm ^) 
Blackbody kT (keV) 
kTe (keV) 

kTw (keV) 

Line energy (keV) 

Line FWHM (keV) 

Line EW (keV) 

Edge energy (keV) 

Edge T 

xVdof 



(i.2±?:i) 



X lO-" 
1.88 ± 0.02 
4.52 ± 0.02 
26.1 ± 0.5 
0.15 ±0.02 

6.57±J]:S!^7 

0.69 ±0.19 
0.150 ±0.025 

i.33±g:;! 

0.28 ±0.06 
122.1/125 



Fig. 2. The X 1822-371 partial eclipse timing residuals 
with respect to the best-fit linear ephemeris (small filled 
circles). The quadratic ephemeris (solid line) is also indi- 
cated 

Table 1. New X-ray eclipse times for X 1822-371. A com- 
pilation o f prev ious measurements can be found in Hellier 
& Smale ( 1994 ). Uncertainties are given at 68% confidence 



JD© 


Uncertainty 


Cycle 


Satellite 


2,449,268.00984 


0.00040 


15737 


ASCA 


2,450,353.35425 


0.00035 


20412 


ASCA 


2,450,353.58728 


0.00023 


20414 


RXTE 


2,450,701.51870 


0.00120 


21912 


BeppoSAX 



Teci = 2445615.30964(15) + 0.232108785(50) N 
+2.06(23) X 10"" 



3.3. BeppoSAX spectrum 

The overall spectrum of X 1822-371 was first investigated 
by simultaneously fitting data from all the BeppoSAX 
NFL All spectra were rebinned using standard proce- 
dures. Data were selected in the energy ranges 0.3-4.0 keV 
(LEGS), 2.0-10 keV (MEGS), 7.0-30 keV (HPGSPC), 
and 15-40 keV (PDS) where the instrument responses 
are well determined and sufficient counts obtained. This 
gives background-subtracted count rates of 1.0, 4.2, 8.8 
and 4.0 s-i for the LEGS, MEGS, HPGSPG, and PDS, 
respectively. The photo-electric absorption cross sections 



of Morisson & McGammon (1983) and the abundances of 



Anders & Grevesse (1989) are used throughout. Factors 
were included in the spectral fitting to allow for normaliza- 
tion uncertainties between the instruments. These factors 



were constrained to be within their usual ranges during 
the fitting. All spectral uncertainties and upper-limits are 
given at 90% confidence. 

Initially, a standard LMXRB spectral model consisting 
of a a cutoff power-law (E~" exp — (Ec/kT)) appropriate 
to low-luminosity sources was fit to the BeppoSAX spec- 
trum. Since the central X-ray source in X 1822-371 is hid- 
den from direct view the overall luminosity of X 1822-371 
is highly uncertain, and an additional blackbody compo- 
nent, frequen tly ob served in more luminous LMXRB (e.g.. 
White et al. 1988|) was also included. The cutoff power- 
law model gives an unacceptable fit with a of 670 for 
133 dof. Adding a 1.5 keV blackbody reduces the to 
596 for 131 dof. Inspection of the residuals indicated the 
presence of an Fe-K line. Adding a broad line at ~6.5 keV 
further reduces the to 408 for 128 dof. The remaining 
residuals are indicative of an intense low-energy excess. We 
attempted to model this feature using a Gaussian emis- 
sion line, thermal bremsstrahlung, blackbody and power- 
law components. Only the fit including a Gaussian feature 
was acceptable with a of 144.5 for 125 dof. Thus, this 
model consists of a cutoff power-law with a = —0.78+0.02 
and Ec = 5.69 + 0.06 keV and a 1.27 + 0.03 keV blackbody 
continuum together with two Gaussian emission features. 
The nature of the low-energy feature is highly uncertain. 
Its energy can only be constrained to be <0.50 keV, it is 
extremely broad (FWHM =1.5 keV), and its EW is im- 
plausibly high (~7 keV). We therefore reject this model 
as being physically unreasonable. 

The HEAO-1 X 1822-371 spectrum of White et al. 



( 1981 ) is well fit above 2 keV using a power-law model with 
a high-energy break (exp((Ecut - E)/Efoid) for E > Ecut) 
at 17 keV. Fitting this model to the BeppoSAX NFI spec- 
trum does not produce an acceptable fit with a x^ of 1960 
for 132 dof. If a blackbody is included, then the situation 
improves with a of 342 for 130 dof. Including a broad 
Fe line decreases the x^ to 198.9 for 127 dof. The ma- 
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Fig. 3. The X 1822-371 count spectrum and residuals 
when a COMPTT and blackbody continuum with an edge 
and an Fe line are fit (Table |^) . The middle panel shows 
the ratio of the data divided the model and the lower panel 
shows the same when the edge is excluded 



jor contribution to comes from the region near 1 keV 
where the model overestimates the observed spectrum. 
We attempted to model feature this using partial cover- 
ing (the PCFABS model in XSPEC, an ionized absorber the 
ABSORI model in xspec), and an absorption edge. Only 
the edge was successful with an energy of 1.30 ± 0.07 keV 
and an optical depth, r, of 0.35 ± 0.09 for a of 139.4 
for 125 dof. The best-fit value of E^ut of 17.1 ± 0.7 keV 
is in good agreement with th at obt ained from HEAO-1 of 
17.4 ± 0.5 keV (White et al. |l98l[ ). There is no evidence 
for the presence of low-energy thermal components, Fe-L 
emission near 1 keV as proposed by White et al. ( 198l| ), 
or a reflection component (the pexrav model in xspec). 
Finally, we investigated whether Comptonization mod- 



els such as the xs pec m odel COMPTT (Titarchuk 1994 ; 
Hua & Titarchuk |l995t Titarchuk & Lyubarskij [l995^ , 
which self-consistcntly calculate the spectrum produced 
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Fig. 4. The overaU X 1822-371 NFI photon spectrum de- 
rived using the COMPTT and blackbody continuum with 
an edge and an Fe line. The individual contributions are 
indicated 



by the Comptonization of soft photons in a hot plasma, 
could be applicable to X 1822-371. This model contains 
as free parameters the temperature of the Comptonizing 
electrons kTe, the plasma optical depth with respect to 
electron scattering Tp and the input temperature of the 
soft photon (Wien) distribution kTw- A spherical geom- 
etry was assumed for the comptonizing region. This re- 
placed the power-law and high-energy cutoff in the previ- 
ous model and the fit repeated. A good fit is obtained 
with a of 122.1 for 125 dof. The 1-10 keV fiux is 
5.0 X 10^^" erg cm^^ s^^ and the blackbody contributes 
43% of the total flux in this energy range. The best-flt 
parameters are given in Table |^. If a disk geometry is 
assumed for the Comptonizing region, the best-fit param- 
eters are essentially unchanged except for Tp which re- 
duces to 13.3 ± 0.3. Fig. ^ shows the count spectra and 
the data/model ratios with, and without, the edge. The 
depth of the feature ('^20%) is significantly greater than 
the uncertainty in LECS calibration at the corresponding 
energies (^5%). Fig. ^ shows the incident photon spec- 
trum and illustrates how fitting a power-law in the energy 
range 1.0-10 keV would produce a "dip" at ~1.5 keV as 
observed by White et al. ( |l997|) . The 90% confidence up- 
per limits to the optical depths of any 0-K and Fe-K edges 
at 0.54 keV and 7.1 keV are 0.18 and 0.05, respectively. 
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3.4- ASCA spectrum 

We next examined whether the BeppoSAX best-fit model 
presented above is consistent with resuhs from ASCA. For 
the 1993 ASCA observation these are presented in White 
et al. ( |1997D . A simple power-law was first fit to the ASCA 
SIS spectra confirming that the overall shape of the spec- 
trum is as reported in White et al. ( |1997 ) when using 
the latest processing. Next, the best-fit BeppoSAX model 
was fit to the SIS spectra. For the fit to the 1993 spectra 
an additional line feature at ^7 keV was included. The 
results are presented in Table || and show that the best- 
fit BeppoSAX model also provides a reasonable fit to the 
ASCA SIS spectra. During the 1993 and 1996 observa- 
tions, the 1-10 keV fluxes were 5.8 x 10"^*^ erg cm~^ s'-^ 
and 5.3 x 10"^*^ erg cm~^ s~^, and the blackbody con- 
tributed 48% and 47% of the flux in this energy range, 
respectively. 

Comparing the best-fit parameters with those obtained 
with BeppoSAX reveals the following: (1) The overall 
spectral shape is similar in all three observations and may 
be modeled using COMPTT and blackbody continuum com- 
ponents. (2) There is a substantial (EW -100-300 eV) 
Fe-K feature present which may be modeled as a broad 
feature at ~6.5 keV, or as the sum of two narrower fea- 
tures at ^^6.4 keV and —7.0 keV. (3) Using the relation be- 
tween optical and X-ray extinctions of Predehl & Schmitt 
( |1995| ), all three best-fit absorptions are inconsistent with 
the value derived from the color excess of 0.13 in Mason et 
al. ( |1982D of 8 X 10^" atom cm'^ (4) Afl three spectra re- 
veal clear evidence for a "dip" at —1.3 keV, which may be 
modeled by an absorption edge. The energies of this fea- 
ture (1.33±Sj:?f keV, 1.37 ±0.03 keV, and 1.28 ±0.03 keV) 
are in reasonable agreement, while there are clear varia- 
tions in its optical depth (r = 0.28 ± 0.06, 0.093 ± 0.012, 
and 0.15 ±0.02). 



4. Discussion 

We present results of a 1997 September BeppoSAX obser- 
vation of X 1822-371 and compare these with earlier ASCA 
observations when the source had a similar 1.0-10 keV in- 
tensity. The spectrum is unusually complex and cannot 
be fit by any of the usual models applied to LMXRB such 
as a cutoff power-law and blackbody unless an unusually 
strong low-energy emission feature is included. A good fit 
is obtained to the 0.3-40 keV BeppoSAX spectrum with 
the combination of a Comptonization component and a 
blackbody together with an Fe-K emission line and an ab- 
sorption edge. The same model provides reasonable fits to 
ASCA SIS spectra with a similar absorption feature being 
required. 

There are at least three highly unusual features of the 
X 182 2-371 spectrum. The first, also pointed out by White 
et al. (|1997| ), is that the continuum is much harder than is 
typical of similar luminosity LMXRBs, where a is usually 



Table 3. The best-fit BeppoSAX spectral model (see 



Sect. 3.3) applied to the ASCA SIS spectra 



Parameter 



Observation Date 
1993 1996 



Nh (atom cm ^) 


<3 X 10^^ 


(5.0 ±0.5) X 10^° 


Blackbody kT (keV) 


1.79 ±0.02 


1.66 ±0.02 


kTe (keV) 


7.2 ±0.6 


9.9 ±0.9 


Tp 


23.3 ±0.15 


22.8 ± 0.3 


kTw (keV) 


0.153 ±0.010 


0.174 ±0.013 


Line energy (keV) 


6.46 ±0.03 


6.49 ± 0.08 


Line FWHM (keV) 


0.51 ±0.08 


1.65 ±0.25 


Line EW (keV) 


0.14 ±0.02 


0.285 ± 0.040 


Line energy (keV) 


7.06±g:g| 




Line FWHM (keV) 


<0.30 




Line EW (keV) 


0.065 ±0.010 




Edge energy (keV) 


1.37 ±0.03 


1.28 ±0.03 


Edge r 


0.093 ±0.012 


0.15 ±0.02 


xVdof 


766.0/570 


721.5/559 



1.5-2.5. The spectrum scattered in an ADC is expected to 
resemble the original, unless the optical depth is large. The 
second is the extremely large contribution of the black- 
body component (^40% of the total), whereas fits to lu- 
minous LMXRB indicate the presence of blackbodies with 
typical luminosities of 16-34% of the non-thermal compo- 



nent (White et al. 198S). However, we note that another 
LMXRB, the X-ray dip source XB 1746-371 located in 
the globular cluster NGC 6441, also recently been found to 
have a strong blackbody-like component which contributes 
88% of the 1-10 keV flux (Parmar et al. |l999t see also 
Guainazzi et al. 200C). The blackbody component most 



probably originates in an optically thick boundary layer 
between the accretion disk and the neutron star surface, 
or from the neutron star itself. It is therefore unlikely to be 
observed directly in X 1822-371 and so it is surprising that 
it appears so bright in comparison with the non-thermal 
component. The third unusual aspect of the spectrum is 
the presence of the strong low-energy feature, which can 
be modeled as an absorption edge. The fact that a simi- 
lar component is also seen in the two ASCA observations 
implies that this is a stable feature of the spectrum, but 
not necessarily that it is correctly modeled. However, its 
nature is highly uncertain. The energy corresponds to K- 
edges of highly ionized Ne x and neutral Mg, or to an 
L-edge of moderately ionized Fe. Surprisingly, no strong 
(r > 0.05) Fe-K or (r > 0.18) 0-K edges are evident in 
the spectrum. 

Models for the spectrum of X 1822-371 which involve 
a signiflcant Comptonized component appear plausible. 
A plasma with kTe —5-10 keV and a Tp of —22-26 is 
required. These values imply a Comptonization param- 
eter y = 4kTcrp/meC^ of —25-40. Values of y>12 imply 
that the emerging spectrum will be saturated and have a 
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Wien-like shape (e.g., Titarchuk 1994). Guainazzi et al. 
(2000) show that when the BeppoSAX spectra of a num- 
ber of LMXRB located in globular clusters are fit with 
the same continuum model as applied here (a blackbody 
and COMPTt), then the derived values of Tp and kTe are 
respectively correlated and anti-correlated with the source 



luminosity. Guainazzi et al. (200C) suggest that these cor- 
relations may be qualitatively explained if the X-ray emis- 
sion at the boundary layer between the accretion disk and 
the neutron star surface is proportional to the accretion 
rate. If this results in an increase in the Comptonizing 
plasma optical depth this would allow Compton cooling 
to become more efficient, yielding a lower Comptonizing 
electron temperature. If the intrinsic luminosity of X 1822- 
371 is assumed to be 2 x 10^^ erg s~^ (see Sect. 1), then 
the values derived here using BeppoSAX for Tp and kTo 
are in good agreement with the relations derived from the 
study of the globular cluster LMXRB X-ray sources. 

The overall X-ray spectrum of X 1822-371 remains 
poorly understood. In particular, calculations by e.g., Ko 
& Kallman ( |1994| ) and Kallman et al. ( |1996D show that 
photo-ionized ADC should be a rich source of line emis- 
sion, which does not appear to be the case here as only 
a moderate EW Fe-K line is seen. Vrtilek et al. (1993) 



discuss the situation where an X-ray source is viewed at 
high inclination through a moderate optical depth ADC. 
They predict both a deep Fe-K edge and a prominant K-a 
emission line - again neither of which are seen. Thus the 
X 1822-371 spectrum cannot be easily understood in terms 
of current models of X-ray production and reprocessing in 
ADCs and we await future high quality measurements to 
shed more light on this complex spectrum. 
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